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Pitts, 2000; Haagen—Smit, 1952), WA SHIER
WU RAEY 20, Ja Ry & o IR 3™ A
(Haagen—Smit F Fox, 1954; Haagen—Smit, 1952;
Finlayson—Pitts M Pitts, 2000). #Hah, BT AZIE
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T R 1 3 2 P A 5 1R T2 = R WSS B Y & b
WYy Joe i WSO AT 1B — PR, R — KA
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Jo 1913 4F, ABATA FIIZ AN X A FHOG35 AY 2 2%
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WG A T EZAEH (140 Bates Fil Nicolet
(1950) 15 U WA A P! 1 3 UM b B R H O
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NI 5 6% DN NS e D R B s S S 1
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ey (A), DLRANERSZ M Sam i A (A) [ 7 2
(E 1) AR L (L) B, TP A
Fe-HORER, B0 A] RoR
I(A) = 1,(A) -

- A(A)

exp(—L . (z(o'/.(/\) . cj) +ep(A) + EM()‘))

(1)

R W
BT 0 ) l
/

HIR PN Y )-‘1‘ S ®

@Q): \f’ﬂ o <©0 y .> e
SR f. Ay @ ()
]0(/1) ‘.‘ // T Al >
fﬁﬂﬁgﬁﬁ KA

~A03)

BT DOAS 5 ik B SR 2258 7 K P8l (Platt A1 Stutz, 2008)
Fig.1 Schematic Diagram of DOAS and Key Factors (Platt
and Stutz, 2008)

A, LNEREKE, VMK, A4 (0) NEW
A+

T R I — 4 V5 Y R A W, R b
UK S W L BE 0 I AT LA P R AT Ak, AR
AR SLPR AP IRMEL B, TR I A
it YL 5L FN VT 22 45 G AR B S A IS (R 30 1 B
T MR AR ERAE TG Y AR R B A Al W IR A
Fo B, DOAS YRR 7E AT 58 s Wil iy 2%
PER 38 7E WSO R 4 s RS OGS Y
Fa o DA X B e A i Y Y SR R Ik . Rk,
A (1) By WIS AT AT 43

g(A)=0u(A)+ ' (A) (2)

Kf, o 2B KA “Z18” 1D, o b
P P AR Sy, R T T R
L (2) WA (1) 1T
I(A):IO(A)-exp(—L-(Z(a’j(/\)-cj)))-

J

exp(—L'(2(0']-0(/\)-c]-)+£R()\)+£M(/\)

7

)-A(A)

(3)
b, 3 VMRS RE 115 de RS 218
AR 225, WA 2 DR B A 28 A8 Ak
A o A R B R RO . 2 ST, (A) A
A ZE 0 ST B R JEE
I'(A) = I(A) -

exp

-L- (2(0,-0()\) . cj) +ex(A) + sM()\))) ~A(N)

(4)
WL, 220 WO L 3 EROE SN
;= Io(A) :
D’ =In " =L-Z(a'j()u)-c/) (5)
F 75 G SRR AT SR A ey, D
Sy aT X B EANTR RS . i (5) mlik—4
HERHTG e URAE - B 1 e -

T
R IO
‘ oA o () (6)

DOAS 7] 43k E 3 F L 5 . 9% 5l DOAS 1y &
BOGIIE R A 52, KBAGIE M 53 R 15 55 AL
SO TR RE A Y DOAS SR I J2 K FH
B OGIR, 7253 Wi AP R s G SR B T A
& (VCD), WUt e FRIEW 2 i (Abad 45,



876 National Remote Sensing Bulletin i & 54k 2022, 26(5)

2019) . H— S TG e SR RHE R (SCD),
X 4 FRAT () 45 0T i B 2 38 SO B0 e 4k
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PEIE I IS LTINS S e i
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Fig2 0O, and SO, absorption spectrum in UV band. The black
dashed lines label the four wavelengths (310.8 nm, 311.9 nm,
313.2 nm, 314.4 nm) used in the SO, BRD retrieval

(Yan et al., 2012)
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OEJrik, HET Bk R AWM GOME-2 (Global
Ozone Monitoring Experiment—2) FIULI ,  Jl Py s Jii
T SO, MFER FEIF AT T HIPBIE.

F f 7
- 8 18
E
z 6 16
g =
= 1,=
o 4 4
=
5 12
1 \v e ,»“M /N rh 1 o
310 320 330 340 350 360
#A/mm
— RE — U il

B3 AU SRR R SR B B ATTRY LU (L, T P ik
7R T EREMHTRY 101G, 430932 310.80..311.85
312.61.313.20,314.40,317.62.322.42 .331.34 ,345.40 1
360.15 nm (Yang &5 2007)

Fig. 3 Absorption coefficients of SO, and O, and their ratio.
The positions indicated by the arrows are the central
wavelengths of the algorithm. These 10 central wavelengths are
310.80, 311.85, 312.61, 313.20, 314.40, 317.62, 322.42,
331.34, 345.40 and 360.15 nm (Yang et al., 2007)
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Fig. 4 Schematic illustration of atmospheric radiative transfer

processes (Zhang et al., 2021)
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VB TR TS IX DL DA 3R A T R ek T
HiIX, DTS E A AOD MERMPEFI AT 82 (Levy
45 2010),
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DB AR T Hbs X0 e 2 % Eg (3%
R I S 5 R s Y i R AT
XFEG AR AOD . 38 5 M TOA S5 238 (1 9] < e
NI 3R X — 2% 15 5 KIS (Koelemeijer 4
2003; Herman # Celarier, 1997). 5 DT % ¥ #H
b, DBRVERT ATE 52 M3 b 0 o ff Ak 3 A
280 (Hsu4s, 2013), DB WA Sk DT &
V2 TG B S 5 M 2% AOD By 1B, 457 T AOD
B AE S (] b gtk

223 ZRERE

2% ¥y 1F 22 PR 20 EOF  (Empirical Orthogonal
Function) J&—MEC=HR, AT 504 7 = B AT
e AR iR RS R A AR, BT, —
FlRE € 19 EOF AT &, vl T4 22 4 5 0L
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X /N DX P ) A X A A AT . DA —
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H T A [) T S TR A% 3 2 S S 3R A A ] A 3 B
HAWFMES, FILDT 2 S e A
e B A B AL B 25 T Al By, LSS B <o
B SR, TR R JEOULI B (4 I 41 15 5 HAA XK
AU X H AR R DA UK R, R
{1 Dl P P AN B B A2 AT ACAE (Diner 25, 20125
Maignan 2 2009; Waquet 252009, 2007; Elias
45, 2004; Cairns %, 2001), 3 A i B UL 2
R I R o B A EE AL (Tanre
A, 2011). fElt, GedF (2020) it 1 SNOSPR
(Spectral Neutrality of Surface Polarized Reflectance )
Bk, Y SZ L F POLDER (POLarization and
Directionality of the Earth’s Reflectances) T2 WL
1 AOD, . Angstrom 5 B M 2 I 1 S 5 6 52 7
HT T B 05 5 AR X A5, LAk o i A% i AR XS T
Pra oA %, DRIHR SR80 RORS B i SR
e BETHEGE SIS (GF-5) Z M Mk AL
DPC (Directional Polarization Camera) A% 5}, 1
PR B R R B R R (i 55,
2019; Zhang%%, 2018).
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I} 7 1 B A R B AE— E I AL BE A, R Ev i
MRFFIEA 2 KA B R, 1R PRAE FY
PRI . Rk, AT LA ) o 9 9 )Y 31k
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8, 2014) . X5 2 A IR R RO
PEAE 25 ) 2 B bR G208 A8 Ak, AT eV 7R —
JE B 25 8] S R A S g i 26 B A 3R B AR X 2 A+
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3.1 ZSM—ATHSLIEERN I E

1984 - NOAA-9 (National Oceanic and Atmospheric
Administration-9) K 4 T3 A [\ B 3 77 52 4061 4R
i 2% SBUV/2 F1 AVHRR/2 (Advanced Very High
Resolution Radiometer /2) & $F 728, SBUV/2 i E
BT 55 S PRI SR AR S A 5 G AR o 1A% AR T
£ 252—340 nm G LAY 12047 58 1 nm AY S
BICGE A AT, 5N 160—340 nm #E17 1% 22
14 . AVHRR/2 £ 28 — U AVHRR & 45 0 A
SATEN B, HA—aE iR BRI GE . (H
HF AT 55 A 2 BB R = K R W
(Klaes, 2018). X P MMEEARHENOAA 2RI TLAE
a2, K43 T A NOAA-9 % NOAA-14 iy 4L
WL o 585, NOAA 5 TR AVHRR 2 1845 it
T, HEERY 26, FHAREFES
AR R 22 6 T, K SBUV/2 R AVHRR/3
S H5 T NOAA-16 E NOAA-19 DRV &,
LR X PR Y . R e H AL IS g AR
R

ERS-2 (European Remote—sensing Satellite —2)
SERRNTE 1995 4 A 5 B9 R BA A ALl LA, H 3
BT S5 LI . SR, EHEEI GOME DL
WL #5593 ATSR-2 (Along—Track Scanning
Radiometer —2) Ay it M LI AR AL 22 Al T 2L
91k (Guyenne 1 Readings, 1993)., GOME H.A
SANFB AT DLSGA 7 AN PR D], A WL
D[R] |- (9 56 55 43 BE R AE 0.22—195 nm A5, B
M EBEHR N RE . R AR, 8. K
T HRESE Z TS Qe AU, R & iy ] i i 1
AL T X KAL) e P HEA T B o T L AR
THATSR-2 J2 HA BB Al WL | 3 2050 M 2L A0l B
10138 18 A PRI 4%, BAT R J7 6] R 1] 477 F9 PR
AL . A AVHRR, B HA B0
EHRIBE ST, MELIE & S T i Je Uk 5
LIRZ/EBIZINEIRY NS

5 ERS-2 & SF i [A] 3L Y ADEOS (Advanced
Earth Observing Satellite) T2, &2 7 H R
IR (TOMS) R 85— 2 f B i 4 e S
it (POLDER-1), [RJ#ESE BTG G UM K WOk
Yy B RO . TOMS 5 BUV FI SBUV/2 BAT — &
BRI, WAFTE B B . X W T7E 250—
380 nm, AHSAKFHIEIE#E Hartley Fll Huggins 5 480

WM RS, TR R B S5 ) R A A G
EHBL T S AR 225+ . BUV MISBUV/24X
e T AR OGS E B, T X Ebert—
Fastie $ (0 8%, DASCBLST 20 A9 A7 SN . AH L2
T, TOMS {%# b ¥R /E 308—380 nm 14—~ H i %
A BN ZASTE L, PR s S el R 2% S B
A E M B (Dittman 5§, 2002) . TOMS 7£
312.5—380 nm A 6 P E U OEIE W E , A
()T 5 0 Rl DG 43 BN 1 nm (Heath 5%,
1975) . 5H [ F & 1Y POLDER-1 & J8#5 2 i iR 45
MARE ST BB A D EMERA, BR& 9 NEE, Hhb
443 nm, 670 nm 1865 nm 38 iH HLA7 i = VLI E ) ,
FEAR S5 2 RARY . R RER . MR
B AR . SR, T RN, AERE
137 84~ H Hymf[a]

Envisat (Environmental Satellite) & KXl =5 8]
J RS AZ A Ik e RN ER G IR DA, 2
ERS £%1 DR MAKEH . Envisat #54¢ T 10 MR
PRI AL T 2002 4F A5, J2 e R A B i BRO0L
B4 2 — o BRI RAUZ i K6l AR B SOIR
% { SCIAMACHY (Scanning Imaging Absorption
Spectrometer for Atmospheric Cartography) , H. 25
RN R WAL ¢ 07 2 UG ATE A, i 120 R0
XF HR R 2 R AU R AR AT A R R, TR
il DO R i = R WP g O 7/ I o2
(Bovensmann %, 1999) . %1% E4% H & 9 AN
DG T8 OGRSV, SR AN RIS TE Ok
WA R IYTE 03 nm LA R o [FIEF, Bk Hagwn Il
JCHGELLAMRIAE Jy, W] S B2 AR AT YAk
LRI S . 5B ECT W & R e k)
W LA H R 91 AATSR (Advanced Along—Track
Scanning Radiometer) J& 4% ERS-1 1 ERS-2 |+ )
ATSR-1 I ATSR-2 2 J& = & ] 00 o o 9 3% 1 i
JE 19 4L & . AATSR Al Il 4 0.55. 0.66., 0.87.
1.6, 3.7, 11112 wm i85 19 52 55 F0 & 36 56 5T
BN AR A 8] BER 1 km,

$£4%F Aura (Earth Observation System — Aura )
TR OMIAR B 2 12 F 11 Gy AU M ) i)
TAR Ay Z — o % AR K Ay 2 4k GOME AN
SCAIMACHY Ji i — QT3 e USRI L s . &
WA 3 GIEE SR (A5, — T IG),
AL BORIUM T 28 B G NO,, 05, SO, A
FRLPI 5 S (Levelt %, 2018). 5 SCAIMACHY [y
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23R HER (30 kmx60 km) AL, OMIf{4s [A] 53¢
R THRRWETE, H LM 58 18 ] 0o i
EE T SRR A 13 kmx24 km, H H KI5 5%
N2 1300 km, A SEHAE R 2 ERE 5 — AW
W, 53 dARESEI 2B 55 1Y SCAIMACHY AH L,
OMIFEHT /N 1R 5 Yl e A 15 Y AR
AT B BRI (Boersma %5, 2008) .
[FIEE, OMIAZJERER 5 e i & 991 SCIAMACHY JE 1%
T R EFAWI, 3 kTG e SR B AR R BT
FERML T —E MBI (Lin%E, 2010).

GOME=2 J& X ¥l MetOp—A/B/C (Meteorological
operational satellite —A/B/C) F ¥ L& I i) H —1t
KEVGYS AR AL (Munro 28, 2016), Pirs:
GOME FI SCIAMACHY JF J& i K i AR A I T
Y. Sk GOME-2 76 )6 3% 8 35 75 [l B 2 1)
k7K T SCAIMACHY, &4 OMIHA B 2 (14400 38
A S IS R (R 1) BT 3R IETE
FeE H AUl eBRE 35, GOME-2 44t 1T 25 [6] 4
R (40 kmx80 km) , {HHFRHLH) F 2006 4 2 4
) K 300 SO0 Ay A=A N RSB 9 A T R Bk
(Fioletov %, 2013). MetOp—A/B/C T3 5 [A] i #5 #%;
T ACAVHRR AR B GS . RAEE 2 TR M
L SBT3 T A K B 35 S 0L
Sy A BRI 43 A 1 1 s el 9 A oY AL T EE
Bl e ml, B )2 RS TS e W R M
T 15 Y Uk U R S S 44 T b2 .

FE S R L DERNS =% (FY-3)
T 2008 4= FF UG % 1 & HF . TOU (Total Ozone Unit)
S E i ESR — R B AR
P K78 75 308.68—360.11 nm, Y% ¥ K 1 nm.
2008 4F K, TOU/FY-3A BRI T 28R A5 1
(Zhang %5, 2020). TOU 5477 & Bl i >k A A
B SRR 48 AN S 5 O %) b T S8R S R R B
OMI/Aura H 7= 5 (1 2 AR L 500E, il iR 22
I 43% F13.1% (Wang%:, 2012), FY-3 £
5 — A ERAME I AL AR & SBUS . A ERAR AR
A 3R, B BRI | A BHAR AR v A
A, EHBRBIR T, SBUS7E 250—340 nm Y615 X
B, DA 12 A4S B HIGH T8 0 2 KA 2R A R
SR G, ) — 3 3 Y R B 4 ) SR FH A PH A
AR — K AR B AS AT T RS B T
JBELEM . FY-3 R4 T EERFE R T i adereik
A % { MERSI-1

(Medium Resolution Spectral

Imager —1), “EJ&—17 55 0] WANZLAM g B 1 20 38
EARST (Dong 5, 2009), J&H E— A4
KA BRBE 8 B R SUIURL ) A2 s

OMPS (Ozone Mapping and Profiler Suite) J& 3
e [E G PR AR S BILR) . (NOAA) MR 55
TH (Zhu%, 2016), 2011 4E#5 2 F Suomi NPP
(Suomi National Polar—orbiting Partnership) [} & -
B2 g R U BURIIE PNy VR 26 i
SR v g 2 DR AR SRR R A N 8 75 G ARy
i o RV ¥ OMPS 4k 7K T OMI Hl TOMS (1 15
T, A B R Y AT S R I B Lo
ACER A o A S A S — S Ml A =5 300—
380 nm G X, 3l ok Huggins 7 W CHR (AL BkE
fi S L 300—380 nm P BEAY ST 05 B o RIEER
28 A 55 250—310 nm Y6 X A0 A RO
JETEAECE , RS A i Hartley 47 (1 J5 [0] 05 46 5
(Flynn %5, 2014). [A LAY LM VIIRS (Visible/
Infrared Imager Radiometer Suite) &R 24t 1 224
APOLAMZLAN B, BRI N 0.41—12.5 pm, A
WML IR RN . = WPER IR | IS
WXL, AR K AR . BRI 4k
i AE ) 4 BROBURL ) e S it 1 RS i BdR R
Wo TR, VIIRS £ Jg i ik H 4 7 18] SO 7 I i
J3, TR ) R e ) M AR T Y A
M T PR RS 0 RAFVERE, 2017 AF PR WS 30T
NOAA=-20 LA LABRAHF S o

RS S A 25 DSCOVR  (Deep Space Climate
Observatory) FERFES —Fikg B H & (L1), fliH
FEE ) HhER 2 @ RUZAEPLEPIC (Earth Polychromatic
Imaging Camera) 15 DA —JURE B £ B L 22 M Bk
(Herman %%, 2018) . EPIC B A 10 G #% 0 1H
(317—780 nm) , B i ST WG Be . FEZe 0t
OMPSAZIE &, Al kA4 UV il 15 9 # Bk 2 UL
SR XA EPIC B [ i S i i e Uik (fgim .
RAGHS &) MBR Y RE (Bn. EEOL
PR WWCRIEITR) mIRES) . Ak, A EPIC
M DSCOVR FY 25— H A BT H 0 M R A9 4 47 500
W, AT LATE 1—2 h g3 — oK 2R 151 3 3R R o A
B, BT RZ PR AR 18 ko

Sentinel-5P (Sentinel-5 precursor) % 77 f%) Xf
W Z W5 L TROPOMI (Tropospheric Monitoring
Instrument) T 2017 4F & §f Fh 25, 353 T OMI Hi
SCIAMACHY WL . & AYAN R Z ARAE T ] LA



888 National Remote Sensing Bulletin i & 54k 2022, 26(5)

b — W] W, (270—500 nm) . 3T 404 (675—
775 nm) AP LA (23052385 nm) ¥ 346
ML (Veefkind %5, 2012), X EEE © Al LA
X5 e AR R AT O A T W . R A TR 43
36 5.5 kmx3.5 km, A7 7 ST R A9 28
S5 YL s, ik Ab, TROPOMI f4 F 47 Wi 55
GOME-2 ) I 7 WL HL A7 55 3 8 DR IR s g o V4%
GOME-2 B AT BAR M 25 (8] 4y W, R H 45 5 %
LLANSEREWLI , {H TROPOMI Fl GOME-2 4 2H & 1]
FE— 7 R BSOS YL SR Y H AR LR

EAHS A (GF-5) RHMERESEKR
B Lmirh R EBAT R Z . ik PR RE N T
B, P EENFRERZNEHER DA,
2018 4F, GF-5 T0 A 5 4 1Y 25 AP A 20 £ 4 EMI
(Environment Monitoring Instrument) JFIG T K05
PUSARIEIN . EMIJZ—Fh R IHR Wl 09 50
WAL, BA 4L EE, 6 B 240—
710 nm, JEIESFER A 0.3 nm 10.5 nm. %L EAE
YRR T OMIMEIRAF L A, ] R R AR IS Y <Ak
4Bk . EMIFRERY NO, a7 & HAT b oMl
B S B PR (12 kmx13 km) , 4T OMI I
TROPOMI 2 [d] (Zhang %%, 2020). 7£ GF-5 F ()
DPCJ2—AZ M B RGBT 3 MRk B
(490, 670 1 865 nm) I 5 HR I B . 5
POLDER (1) Z f B A - WL AR AL, DPC A% 8 il X
Ii] — E ARG 3 A 4R 7 16 LA B 9 A [l 400 £ 00 45 00
M (Li%F, 2018), X ARG T H Az 115 &
T, X RAIURE P B OO A 1 R T LA R
.

2020 4, # E & 4 ) GEO-KOMPSAT-2B
(Geostationary Korea Multi-Purpose Satellite—-2B) /&
— M ERFR IR FLE DR . SR, #iE
B30 T 5L VT LA G A 0 G DX s A T R s ] A 5
AWML . B # #89 GEMS (Geostationary Environ-
mental Monitoring Spectrometer) LR AS AT Pt ey s
A3 PR S R A S, R
FEXF L )ZE O, WUk B LSRR Y) (Kim 55,
2020) . GEMS &4 BEL S OGS, Seik s o5
7 4 300—500 nm. GEMS ML 7] 75 5 IV 4 35
JrHIX. (-5°N—45°N, 75°E—145°E), fE#hE I
25, GEMS A& B8 WL 1) 75 Ye SR 2 [8] 43 B R ] 18
7 kmx8 kmo F T H 1k TR G 500 AR #
GEMS 7] X ¥5 JL S AR A7 38 /N 9 W5 . GOCI-T1

JE4% GOCI (Geostationary Ocean Color Imager) &5 X
— A BRI TR K SR, A A
AL UL B 3 LA 13 AN IEE 43 A 7E 360—
900 nm 2% B A% AN AL AT R R K 4 K R AUORL
PR AT B NI IR, HL BT 250 m 15 43 ] 43
PER L GEMS Y S 7 W DX A3 S S T i5 e <
1A R UKLy 1) 328 /)N ) iR ] ), i 58 1 A K Sy
¥ A O A 5 db 36 IX ) TEMPO  (Tropospheric
Emissions: Monitoring of Pollution) L&, KK ML
K Jr 4 s 5t 7 55 BRI X 35 Sentinel -4, BAITTE 428K
TR P ZEL I TR R AR, R A ks AR e R AT R IS
23 HE R i

32 OSMEERERNIE

ZLAMGTE RN Y 2 B AR A AT o
BT, FEAFE SR ESE (Flin. co.
CO,. CH,), REIKFRSE. MERIGYHRAME, AL
F B B SR LL A B CO AR S A5 . 2141
BZ BRI 75— 15 Z A AE T, AR Ak
BRI T AN BOR BHAE R G TR 33 fif 4 [l )
BCM RTBE . AR, DR LD AR IOR B A X —
%

FLYE 1978 4E & %1 TIROS-N (Television and
Infra—Red Observation Satellite -N) L& [ {E % 2%
T LD AR % HIRS/2  (High—resolution Infra—Red
Sounder /2), X RAFEN )R E S w7850 . %
fEIRAF HA 19420 /M8 f1 1 ASe] WG iE, &
WK SIRE . BE L RE SR, R, %
TR T4 —1C AVHRR 2845, EA I,
ULLLAMZL AN GIERL N Y 4 N E R0 TE, 77—
PR b HAT RKAUR Y R U0 1 mT R . B S
HIRS/2 R Il %% 9% #5 20 7E NOAA R T L T A
(NOAA-6—NOAA-14) bt , JEAL T H 1979 4 —
2007 SEHYELE WM . NOAA RS VRS R . F
A T YR P18 4 TR 3 6 YO o L A R A 4 T
RAFMEEE4E . (BH FEAL SIS G R £,
FEAUZERIF 9.7 o BT A9 21 40 38 38 47 8 )
i, AVHRR/2 TERT— MAS 09 ZE il B3 m 1 11.5—
12.5 wm 3B IE , A3 3506 F0RL ) i HR D0 S Bh 870N o
M FLAME R AL S B b i R iR,
B 2R AT LGS 22 43 W7 X i G AR R 3]
ME AR TERE , ARLL AN L 1 BT X R T5 e Rk
We I T R 5 TR AME IR
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Terra . 2 # 4 ) MOPITT (Measurement Of
Pollution In The Troposphere ) 1% J&&#% | FH 21 75 Bt
XA 15 e AR CO R 2 Uk CH B, DA
CO BREHATIRM (Gille 55, 1999) . % f% 4R A
A 3B (8NiIE ), J Jl) o Y e 5 B A0 Y
226 pm, CO B HEFEMAY 2.33 pwm LA K CO T 1
AR 4.62 wm, AL AR T FEIY 34> B Bex)
FAR R AR s A U, (BT 22 32 B H A IR
LTI, FeAlE KR T R TR
oM, MOPITT fdi 1] 7 AHSCOGIE M 3 . %07 Al
PR 5 AR T S 21055 ] X 1l 2 R T 4 A Ak s
W 17, T 22 A DX R A 8 AR AR Al g
N, IS IR A U . Terra LR FEH MY
Oy HER ARG RS (MODIS) J& —AN RAFI KA
BRI 2%, © H A 36 LIk E ,
AT WLEILLAMERE, BT R B35 250 m, H
WL AT SEBLRE R 1—2 RN A sk o, H™ AL
B E2 R ME B BEE Aqua Y& 5T,
MODIS/Aqua 5 MODIS/Terra & )8, 7 & H F . F 4
B PR RIS TE R T H 2002 4 IR 1 RS
KLY RPN, SRy 5 G SR 5 UKL ) P ) a0 4
T BRIEFR2s 5. 5 Terra AN[E], Aquaf&zi i)
45 =i e 1% 4 AIRS  (Atmospheric Infra—
Red Sounder) HA7 A W —21 4k i G5 44800 fig
HA 2378 A L0 AN B B, B 55 0 Hl Ol 37—
154 pm, SGHEBER B E N 0.5 em™ . AIRS ML
AR 23 (8] 43 BER R 13.5 km, AT UL — 30T 21 A1 i Be 9 =5
] 73 B3 2.3 km, AT 4@ 4k 4 R I K 4> Bk B
PURILIS

PEET MetOp-A/B/C F 5 TR I A 434 mL
1% 30 5E R b 1+ P AL TAST (Infrared Atmospheric
Sounding Interferomete) (Clerbaux 5%, 2007) f&—
GV EAR A W=D i £ 71 Eir S A (U EAR ) oy ]
% 3.62—15.5 pm, i BERE T AIRS, KF4
PERAE R T A0 12 km, 8 5800 3K 2130 kmo 3XAE
(49 DG 3 43 9 25 R 2 () 2 i 1 AT 2 41 A R T T 1Y
A BRI B . AR, TASIAY
PRI H -5 HABLLIME RS — 4, 502 Rt
G KR 55 B A4 vE R R 0 R I 2 3 A ) UL T
LU, B BRI R AR — A B RTH
A T R S A5 b A
Tk . B 5 FF G R 5 — 1T U E E 2R

GOME-2 Ml AVHRR/3 B 5 W, SCBL T L # )= 75
YL ASAR B R AR (4 I [R1440

R OMI B Aura D7 &, FBERE T
— b i 23 B AL HP AR 1 B AR 5O 35 X TES
(Tropospheric Emission Spectrometer) , & ) F % H
P SR B SR R R = eI AR IR AR
A VG N 3.2—15.4 pm, B HA WS G
AR (£90.059 em™), XA EREGS 1A BRAYL
Vi, 30 BN 20 B R AT R A LR BT A Y B A
WP I AR Rl o TES 4= BRI 5 45 o 7™ 5 A 436 5
AOKIRL AR . WS TR L, AR
SR FLAT i 32 40 O WL PR AR AR =, A SR i L
BT, TES 2 H1 16 R0 6% FE 5 L, 25 16] 73
B 0.53 kmx0.53 km, 2 A BRE I B
104, EEMY 5.3 kmx8.5 km. TR
AT AT AW, K&K (JE26 h) AJ4R1E
16 FUIN B, R4 AR Al 3Rk45 233810 (16d) WL
W, R, AR O T, 2 16 d WL LA
PAF— IR .

E R AL %Y ABI (Advanced Baseline Imager)
Fr 1R #E T A GOES-16/17 (Geostationary Opera-
tional Environmental Satellite—16/17) & % 1) H T X0
WRA . WAL F2AEF . ABL 16 1A
[ ROGis R B, fdE 2l Wi Be, 4N IELrihg
BRI 1042050 BE . ABLAJ 4 15 min X 74 22 BR 5
B — VORI, XT3 R T S 4 5 min—
YU, 7R3 BERAME T 2 ke ABT AT HEAT450RE
Wy B K MRS A IB ER RN, 5 HIRS/2 AL, EF
JHO.7 pum 38 T8 FRIN R AR . IR A KRR
PAFE XIS QA A BRAE S, (H R a3 2 B
A Ry i Y it AR WL AT 5T SR A B R R 2%

ST EPUIE TR S S R A IR O
HEEN S T HF IR TG TR FY-4A BT
21 4h ot 1% B {Y GIIRS  (Geostationary
Interferometric Infrared Sounder) , X2 [EPr [ 55—
AR R PIE B LLZLA s T 20 ot J7 R
YRR A M RS R AR (B AR
2019) o GIIRS i iid 143 5 7K itk ~+ ¥ 0 e J7 WL
4.44—6.06 pm F1 8.85—14.29 wm A ZLAMNR ST, K
0.55—0.75 pm B AT DL O'CIE GE 40 5 o Z0AM i B i A2
TR PR R 16 km, AT WLGIEIE D 2 km. GIIRS
HA M 0,. S0,. NO,Flid A L BEAHIRNE (PAN)
832 /N 25 [E) 36 AR BE T, 30 0 AR5 ¥ e s
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HAE R L, 2088 14 U8 4R 41 i AGRI
(Advanced Geostationary Radiation Imager) 3 J&
FY-4A 1) FEHAMZ—. AGRIA 141M8IE, 5370
TER] W—LLAMETE DX, FE = . KR, L
b UE 2 1 N S e 7 = - S VN NS ik A7/ K 5 2
MIRETT . 5 ABIZEML, AGRIATSEHE 15 min XS
B BT A BRI 1% . AGRI S GIIRS B4, JE Ak
N IR BIUE TR & 8 /N5 G SR FUBORL )
i 2= 38 72 B ) W RE ) o 5 e S R SR AR
it GEMS 5 GOCI-INAL & I ILARNSE , SRISAEIE I X
SR i o IR 23 43 AR R AR (75 G RN
Kiy)  DIE] e g

BREY-4A 4L, HE GF-5 RIS T ] WAL
W21 hh i 61 A HL AHSI (Advanced Hyperspectral
Imager) . ‘& MY %5 8] 73 HF 50 30 m, I F& 60 km,
TS T 0.4—2.5 wmEH, JEIEHER N 5 nm 5l
10 nm (XUERAE 4§, 2020). AHSIE 3 (OGREEE
ﬁﬁﬁwtﬂ%ﬁ’%wmfm%ﬁ GF-5 A
VB T ORI LA R 4 HE R AL
ATUS (Atmospheric Infrared Ultra—spectral spectrom-
eter) . IZIRMEFATHE R ERM , DG5BT 6 7E 2.4—
13.3 pm {EFEN, SR HERN 0.03 em™, BRI
PR RIS Z Y R CO A S Uk, (BAY
BT £ X . AHSI. AIUS 5 — [ #% 8 7E GF-5
TE b EMIFI DPC A% Jg s 52 3L 03 [ WL ﬁ%
Xof RIS G AR RUBORL Py 15 A7 B 4 T ) s 0
ﬁ,m$M%£¢E%¢IW,ﬁE%hmE§
TR (Fln: GF-5 (02) ) EFEM.

4 %5 1B

ARSCAER T AT B R W R R S e SR S R
%%ﬁ%%ﬂ%mmﬁﬁﬁzmﬁ%Mk%ﬁﬁo
Y MAR R W 3 A3 A0 AT LG RN 4T A
WﬁﬁﬁAﬁﬁoﬁ%”Wﬁtmm%W@ﬁk
W, DAERBENIELSHE (GRE. KKE)
FEMRS TR KB . TR R,
R KRR RGN . H3 Terra s
# MOPITT & 53 TH45, 204N I AR % 1] 41 %t
T%%%(QWMH)MMW%ﬁﬁ@$%m
SO TR 18 BB R R R W T 21 A 8 R
M$? E50 03 T DA R 25 43 WO B AR
ﬁ%,hﬁﬁm@@ﬁﬁ@mﬁ%ﬁﬁmkw
[) 0 % 0 BB T o H 1984 4F NOAA-9 #E 7

SBUV/2 M AVHRR/2 &S Ft25, 15 4SR5 Bk
mmmf@@hﬁmﬁoﬁﬁ,&m\%@\%
] R v [ R 4 A S T A S AL R 1 TR
MW L DR Bl R BE DA . Kok, K
i E FY-4A, % [ GEO-KOMPSAT-2B., KK
Sentinel—4 F13¢ [E TEMPO [ 1F 8138 T2 i 2Bk
150 0 R /N W0 68 T 1 e b TR R iﬂ
Z2 I 25 RUBE 15 e AR IUR, ) 1) D1 ] W
g, 4 —h%%HﬁEED%mmmk%%ﬁ%
B T = T a B TR A Y SR S R )
(1% e R (53] 2541 4 )

1 F 48 40 5 21 AME 1 X 15 Y SR 45 I i
HHAH, NOAA RINTL T A . B MetOp TLE
K E FY 2251 ALY 65 A0 R] B 45 481 3 9 A 4
o SXEE AR YRGS —E, BT P
[F] W I ¥ gy SR 5 ORIk W R TR Y e
TROPOMI {1y 3 — ﬁﬁmﬂﬁ%@%@ﬁ,bm
AHAAA Ak . ] UL AL A BERY BRI GE F, BOE
SEPE T RS . {H BT TROPOMIA G 3R A%
Z AR AR B, DRI e AT 4 e e A 220 o AN
AT

T T 3 SRR I X6 3 2 S e AR R R
KAPRYE R M EEN R, &
YIF 2 TLEF- G R B WEI  JORL ) A5 IR A5t DA
@%ﬂkﬂATW%ﬁﬁ KRN Z M (9

L ZME MR FRALFERMER, DIER
‘Eﬁm%ﬁwwm E)1. HE GG s & R
o, AR RSN TE I R S A OMI B 2T 4G 1% 44
S E B ABUEIRESAR T Tl WG, X i e
MTAERIN T G SRR R B, B 1 R0 0 e
PER R RE T o (EAH EL T8 1T 0 I R
ML RS, #lhn: POLDER, {fFfE— &2
B, FEREIN . L0A8 I 2 A R R AR R I 25 1 GF-5
BRIERGS, pribdE KAT5 R W00 A 1 B
AASCAT ] B R0 5 G S AR FUBURE ), 1) B A )
T 75 G ) S 200 0 ) O TR UL ) Bk . B R S
R RN KRAAR R DR (Fla: GF-5
(02) . DQ-1) Ms4# GF-5 LA X5 Y AR F K
AR AR S Tt A A AR P ORI SR, AR
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Abstract: Air pollution, as important environmental problem, directly affects daily life and physical health of public. The gradual maturity
of polluted gas and particulate matter observation technology has rapidly developed the monitoring of air pollutants near the surface based
on satellite platforms. This study aims to clarify the collaborative observation’s history for aerosols and gases and then provide a reference
for future satellite platform design.

In this study, the popular remote sensing methods for trace gases and atmospheric particulates that are concerned on atmospheric
environment are first described, and the applicable scenarios, advantages, and disadvantages of each method are discussed. Next, satellite
platforms for collaborative observations of trace gases and aerosols are reviewed. According to the characteristics of remote sensing
principle for the trace gases, the satellite platform is divided into ultraviolet and infrared bands, and the development course of sensors and
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satellite platforms are discussed and analyzed. Finally, we discuss the issues to be solved urgently by satellite platforms and remote sensing
algorithms aiming to monitor air pollutants near the ground, as well as possible future development directions.

For various trace gases, the good universal remote sensing methods are differential absorption spectrometry method and optimal
estimation algorithm, which can fully utilize the absorption spectrum lines to achieve inversion of gases. The differential absorption
spectroscopy method is effective for the monitoring of trace gases. However, the optimized estimation algorithm can further extract the
layered information of trace gases from the hyperspectral information, which is helpful for obtaining a more detailed vertical distribution of
trace gases in the atmospheric column. The band residual method and linear fitting method have strong pertinence to specific pollutant gases
(such as sulfur dioxide). These simplified algorithms also have great advantages and application value. The core issue of the aerosol
inversion algorithm is the signal decoupling of ground and atmosphere. Adding the information from spectrum, angle, polarization, and time
series can effectively increase the decoupling capabilities. The algorithms derived from these principles include dark target algorithm, deep
blue algorithm, empirical orthogonal function algorithm, polarization algorithm, and time series algorithm. Since the launch of NOAA-9
carrying SBUV/2 and AVHRR/2 in 1984, the collaborative detection of polluted gases and particulate matter has begun. Subsequently,
Europe, the United States, South Korea, and China have launched satellites carrying advanced sensors, from the polar orbit to geostationary
orbit. In the future, FY-4A of China, Geo-kompsat-2b of South Korea, Sentinel-4 of Europe, and TEMPO of the United States can be
forming a global geostationary satellite constellation with high spatial resolution and hourly monitoring capability to achieve collaborative
monitoring of polluted gases and particulate matter.

On the basis of the summary of trace gas and atmospheric aerosol inversion algorithms, the development history of satellite platforms
and sensors is combined from the perspective of cooperative observation of gas and particulate matter. The advantages of cooperative
observation of sensors in the ultraviolet, visible, and infrared bands are discussed. The high temporal and spatial resolution air pollution
monitoring capabilities of the geostationary satellite constellation in the future and the contribution of Chinese satellites are prospected.
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